Background and Aims: Stroke is the second leading cause of death around the
Stroke is the second leading cause of death around the globe. 1 The incidence of stroke in Spain is 187 cases per 100 000 persons per year for a first ever stroke or transient ischemic attack (TIA). 2 In the last decades, stroke incidence and mortality have decreased, and the approach to acute ischemic stroke has been deeply transformed. 3 Specialized stroke units and early rehabilitation have contributed to reduce stroke morbidity and mortality, and the adoption of reperfusion strategies of cerebral ischemic tissue such as intravenous thrombolysis, and more recently mechanical thrombectomy, have clearly contributed to improve outcomes in these patients. 4 However, the majority of patients do not arrive at the hospital soon enough to receive emergency stroke treatment. 5 In addition, worldwide data suggest that in the next decades, the incidence of ischemic stroke will increase as a result of increased longevity. 6 Despite improvements in acute stroke care, prognosis remains somber for a significant proportion of patients, with early-case (21 days to 1 month after stroke) fatality rate for ischemic stroke ranging from 13% to 23% in high-income countries. 7 Monitoring the trends and patterns of in-hospital stroke mortality allows for the identification of factors associated with mortality that may help reduce death rates by selecting those patients at higher risk who require more intensive resources.
Prior studies have shown that mortality predictors differ between males and females 8 ; a systematic review of 98 studies found that stroke was more severe in women, with a higher mortality as compared with men. 9 Furthermore, clear sex differences according to stroke subtypes, severity, risk factors, and outcome have been reported. 10, 11 Stroke mortality is also influenced by the length of stay (LOS) inhospital, and those predictors for stays of 7 days or less differ from those for longer stays. [12] [13] [14] Indeed, stroke mortality exhibits a bimodal distribution, with the first peak during the initial 7 days. 13 Yet, despite a large body of literature on stroke prognosis, studies examining the predictors of in-hospital mortality and the impact of medical and neurological complications on early outcome in general neurology clinical practice are scant.
In this study, we sought to identify factors associated with inhospital mortality after ischemic stroke. Due to the aforementioned evidence for an influence of LOS and sex on mortality, the initial mortality analysis was followed by a stratification according to these two variables.
| METHODS
We identified all patients with acute ischemic stroke consecutively admitted to the Neurology Department (stroke unit) of our hospital over a 24-month period (from January 1, 2010 to December 31, 2011 ). Our hospital is a 439-bed hospital in northern Spain serving a population of 300 000 inhabitants. It belongs to the network of the Spanish public health care system, which provides free unrestricted care to the population. Our Department of Neurology has a stroke unit with urgent neuroimaging resources, sonography, and staff on call available 24 hours a day. This was a single-center study. The major inclusion criterion was admission to the hospital with the main diagnosis of acute ischemic stroke, as defined by the updated definition of stroke for the 21st century. 15 We only included acute stroke patients when admission was done within 1 week after symptom onset. The diagnosis of cerebral infarction was confirmed in each patient by computed tomography or magnetic resonance imaging. The combination of symptoms lasting less than 24 hours with evidence of acute vascular lesions on neuroimaging was also catalogued as stroke in this study. Only patients greater than or equal to18 years old were eligible in this study.
| Exclusion criteria
Patients with TIA or with intracerebral and subarachnoid hemorrhage were excluded from the present analysis since their prognosis differs significantly from ischemic stroke. 16, 17 Also, in-hospital strokes were excluded.
| Definition of variables
The variables evaluated in this study had been selected a priori, based on existing literature and clinical judgment. 22 It was also recorded whether the patient received therapy with t-PA. LOS was determined by the time from admission to discharge; it was evaluated as a continuous variable and was also categorized as less than or equal to 7 days and greater than 7 days based on prior reports investigating in-hospital mortality, 12 and taking into account that the main clinical decisions are made during the first week of admission. 23 Patients remained admitted until they were independent to return home or stable enough to be transferred to a rehabilitation center.
| Ethics
This study was approved by the Ethics Committee of our institution.
Written informed consent was obtained from all patients or their relatives when the patient was not able to communicate properly.
| Statistical analyses
An exploratory analysis of the studied sample was initially performed, which included mean and standard deviations for continuous data, and frequencies and percentages for qualitative data. The KolmogorovSmirnov test was used to verify the normality of continuous variables. As mentioned in the introduction, this procedure was performed stratified by sex, since there is a large body of evidence in the literature indicating that mortality predictors may impact differently according to sex. [8] [9] [10] [11] It was also stratified by LOS (less than or equal to 7 days and greater than 7 days), since the main clinical decisions are made during the first week of admission and mortality predictors may differ depending on the LOS. [12] [13] [14] In the multivariable analysis, we developed logistic regression models with backward elimination method to build models to predict in-hospital mortality. Those variables with a P value < 0.20 in the univariable analysis were considered for the multivariable analysis.
Covariates that showed a P value < 0.05 remained in the final model.
We assessed the discrimination ability of the multivariable model developing a receiver operating characteristic (ROC) curve and calculating its area under curve (AUC). A model with an AUC value higher than 0.7 is considered to have good discrimination ability. 24 Furthermore, the Hosmer-Lemeshow statistical method was applied to test the goodness-of-fit of the final multivariable models. A P value > 0.05 in that test was taken to reflect good calibration.
These analyses were performed in the overall sample, and in that stratified by sex of the patient and length of stay (less than or equal to 7 days and greater than 7 days). All the statistical procedures were done using SAS System v9.4. A two-sided P value < 0.05 was deemed statistically significant.
3 | RESULTS
| Study sample and main variables associated with mortality
Six-hundred and seventy-three patients met the inclusion criteria out of 953 patients admitted to the Neurology Department with stroke during the study period. Two hundred and eighty patients were excluded, either for not fulfilling the inclusion criteria (39 patients) or for having exclusion criteria (54 hemorrhagic strokes and 187 TIAs).
Sociodemographics and clinical features are described in therapy. Overall, 6% of the patients had symptomatic brain hemorrhages after t-PA therapy.
The overall in-hospital mortality rate was 7.13% (95% CI, 5.31%- Despite the lack of a significant effect of sex on mortality in the univariable analysis, prior evidence in the literature [8] [9] [10] [11] indicates that several of the analyzed mortality predictors may impact differently according to sex.
In addition, stroke mortality has also been reported to be influenced by the LOS, and those predictors for stays of 7 days differ from those for longer stays. [12] [13] [14] For these reasons, after an initial global mortality analysis, we proceeded to further analyze data stratified by both sex and LOS. Table 2 shows the sociodemographic and clinical features according to mortality stratified by sex. Among females, prior atrial fibrillation, previous strokes, cardiovascular complications, and respiratory infections during hospital stay were associated with higher mortality.
In males, age, dyslipemia, and respiratory infections were associated with higher mortality. A higher NIHS score was associated with mortality in both sexes. Table 3 displays the results obtained from the stratified analysis by LOS. Among those patients with a LOS > 7, only those with respiratory infection showed a higher mortality risk. In contrast, prior atrial fibrillation, previous strokes, and cardiovascular complications were associated to mortality in those patients with shorter stays.
These differences led us to perform separate predictive models stratified by sex and by LOS (Table 4) .
| In-hospital mortality stratified by sex
A multivariable analysis to investigate potential predictors of inhospital mortality by sex showed that prior strokes, cardiovascular complications, and stroke severity were independent predictors of in-hospital death among women (Table 4) .
Advanced age, stroke severity, and respiratory infections during hospitalization had a significantly negative impact on outcome among men.
| In-hospital mortality stratified by length of stay
To investigate potential predictors of in-hospital mortality by length of stay, a multivariable logistic regression model was developed (Table 4) , which revealed that during the first week, mortality was associated with a history of previous stroke, higher stroke severity, and both cardiovascular and respiratory complications during hospitalization.
After a LOS of 7 days, the main factor independently associated with in-hospital mortality was stroke severity.
Our models showed good goodness-of-fit properties in terms of calibration and discrimination (Table 4) . In all models, AUC values were above 0.80 and the P values obtained from the Hosmer-Lemeshow tests applied were greater than 0.05.
| In-hospital mortality in the overall sample
For completeness, we also performed a multivariable logistic regression model in the overall sample (n = 673), without any stratification, and the results are shown in Table S1 . In this sample, the presence of (1) previous strokes; (2) cardiovascular complications during hospitalization, and (3) respiratory infection during hospital stay, were associated with higher in-hospital mortality risk.
| DISCUSSION
This prospective, single-center study evaluated the in-hospital mortality in a sample of patients consecutively admitted for ischemic stroke.
On the basis of our findings and on previous reports, the analysis was then performed after stratification by sex and by length of stay during hospital admission.
Our results show that the most relevant independent factor associated with in-hospital mortality in ischemic stroke patients are stroke severity (in the overall sample and on each of the analyzed stratums, as measured by the NIH scores), as well as respiratory infections (overall sample, in men, and in patients with a LOS ≤ 7 days) and cardiovascular complications (overall sample in women and in patients with a LOS ≤ 7 days), the two latter representing potentially modifiable conditions. The risk of death conferred by these conditions was particularly important during the first week of admission.
The overall mortality rate in this study (7.13%) falls within the range of previous global studies (from 3% to 15.6%) and are close to the 6% described recently in another Spanish cohort. 25 Our data confirm that the main factor with an independent impact on in-hospital mortality is stroke severity in both women and men, and in both short and long stays. This finding is consistent with previous studies.
8,25
The present study shows that potentially modifiable factors such as respiratory infections present in a similar rate of patients as described in prior studies 26 were independently associated to inhospital mortality only in men (OR: 3.84; 95% CI, 1.32-11.20), in accordance with other study. 27 However, cardiovascular complications were associated with poorer outcome only in women (OR:
29.70; 95% CI, 5.70-154.8).
The association between clinical variables and stroke in-hospital mortality has previously been analyzed. 8, 12 However, most studies were retrospective and did not differentiate ischemic and hemorrhagic strokes. In contrast, the present study was conducted prospectively, only including ischemic stroke patients to improve the homogeneity of the sample, and was carried out in the neurology practice of a general hospital. In our study, ischemic stroke was more frequent among men, but women were older and are with a more severe stroke, KORTAZAR-ZUBIZARRETA ET AL. 5 of 9
consistent with previous studies. 9, 11, 28 In contrast, we did not find sex differences between the different subtypes of stroke.
Our findings show that older age represents an important independent predictor of death risk only in men, in agreement with
Heuschmann et al. 8 On the other hand, and contrary to previous studies that have demonstrated that prior stroke history was an independent predictor in men, 8 our study only found a significant negative impact in outcome in women (OR: 3.29; 95% CI, 1.19-9.10). In the future, with women's greater life expectancy, these differences may be exacerbated.
Since 1984, early mortality after stroke has been shown to exhibit a bimodal distribution, with the first peak during the initial 7 days. 13 Since most clinical interventions are decided during the first week, we decided to compare stroke death variables impact among patients with LOS ≤ 7 days, and with longer stays. Our patients with LOS > 7 days were older, with higher stroke severity, more frequent cardiovascular complications, respiratory and urinary infections, and seizures. In those with LOS ≤ 7 days, previous strokes, cardiovascular and respiratory complications, and stroke severity had an independent effect on death risk. In longer stays, only stroke severity was a significant predictor.
Our data confirm that in patients with a LOS ≤ 7 days, pneumonia, one of the most frequent medical complications of stroke and the most common cause of fever within the first 48 hours after stroke, 29 was also the most frequent medical complication. However, a prior German study found that in patients with shorter LOS, poor outcome and early death was attributed to nonmodifiable predictors such as stroke severity on admission or age. Conversely, modifiable factors, as respiratory infection, were of major importance in longer stays. 12 However, unlike ours, this prospective multicenter study, studied patients with stroke without differentiating their ischemic or hemorrhagic origin. Our findings are in line with Vargas et al 30 who
found that respiratory infections were associated with higher mortality during the first week.
Our study has several strengths. First, all data were collected in a prospective, uniform manner, and only data from ischemic stroke patients were analyzed. Second, it was based on a general neurology clinical practice setting. On the basis of our findings, we believe that there is enough evidence to develop and evaluate a predictive model to identify high-risk ischemic stroke patients in future investigations.
Among the study limitations, the fact that we employed a tissuebased definition of TIA, which has been proven more accurate than the time-based definition for predicting recurrent stroke, 31 may have resulted in a higher number of minor strokes being identified as compared with a time-based definition. Our study was based on data acquired in a single hospital, and therefore, may not be readily comparable to the patterns of in-hospital stroke mortality in multicenter studies collecting information from the routine clinical care of acute stroke. In addition, we only observed hospitalization time, and therefore, factors influencing early mortality could differ from variables predicting outcome after discharge from hospital.
In summary, our findings show that prior atrial fibrillation, previous strokes, cardiovascular complications, and respiratory infections during hospital stay were associated with a higher mortality particularly in women, whereas age, dyslipemia, and respiratory infections were associated with a higher mortality in men. Stroke severity was associated with mortality in both sexes. Prevention and appropriate management of these conditions is paramount to improve the prognosis of patients with ischemic stroke.
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